Physics 371 


Assignment #1 


Due Sept. 22, 2005. 


1. Verify that the standard deviation is square root of variance. 


2. Verify that cov ( x >y) X Y x >’ and that correlation coefficient IC xy l < 1 


3. Derive the Maxwell’s relations as listed on page 6 of the lecture notes. 
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Phys 371 Assignment #2 


Due Sept. 29, 2005. 


1. Find the inversion temperature of the van der Wall’s gas. 

2. Derive a relation between the thermal expansion coefficient and the compressibility for a 
van der Wall gas (see page 8 of notes) 

3. For an ideal gas, show that the enthalpy at a temperature T is 

H(T) = H(T 0 ) +C P *(T-T 0 ) 
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Phys 371 


Assignment #3 


Due Oct 6, 2005. 


1. For a system of fixed volume in thermal contact with a reservoir, show that the mean 
square energy is given by 



i a 2 z 
z d0 2 


2. At critical point (T c ), there are unique values for volume (V c ) and pressure (P c ) 

At the critical point, the first and second derivatives of pressure with respect to volume vanish 
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For a van der Waal’s gas show that 
D - a 2"; V c = 3b ;RT C = 8a 


27b 


27b 


setting v=l 

We may deduce the same result by noting (V-V c ) 3 = 0. Expand this and the van der Waal’s 
equation in powers of V and require that for V=V C , the three roots of the equations are one 


and the same. 


3. Assume that hydrogen atom has two excited states, the first one at 10 eV and the second 
one at 12 eV. Calculate the relative population of these two levels with respect to ground 
states for stellar interiors of temperatures 10 4 K, 10 5 K and 10 6 K. Show that at 

temperatures above 50 million Kelvin, all three levels (g.s., first and second excited 
levels) are nearly equally populated. 
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Physics 371 


Assign#4 


Due Oct. 20, 2005. 


Show that the dispersion of number of particles in a state "s" is given by 
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and it may also be written as 
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Phys. 371 


Assignment #5 


due Oct 27,2005. 


1. Planck’s distribution and that of Wien differ in that Planck has an extra -1 in the 
denominator. Derive the Wein’s displacement law from Wien’s distribution. Compare the 
numerical value of Wien’s constant thus deduced with literature value. 

2. Derive Stefan-Boltzmann’s law from Planck’s distribution. Again compare the constant 
you deduce with the literature value. 

3. Solar constant = 0.136 J s' 1 cm 2 is the total amount of radiant energy flux density, 
integrated over all emission wavelengths, at the Earth from the Sun normal to the 
incident rays, referred to the mean Earth -Sun distance. Given that a) Earth-Sun 
distance is 1.5 x 10 13 cm, b) radius of sun is 7 x 10 10 cm and you know Stefan-Boltzmann 
constant, calculate 

a. The total power generated from the Sun 

b. the effective temperature of the surface of sun ( Sun is a blackbody) 

c. The surface temperature of the earth, considering it to be a blackbody in thermal 
equilibrium. It reradiates as much thermal radiation as it received from the Sun. 
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1. Wien’s distribution of blackbody radiation is same as that of Planck without -1 in the 
denominator. Write it with the wavelength (X) as the variable, in stead of frequency. 
Deduce the Wien’s displacement law. Calculate the >™ ax v max using the result from this 
calculation and previous calculation. Any surprises? Explain. 

2. A process is called Markovian process, if the probability that an event occurs in a 
time interval dt does not depend on the past history of the system. Say, the probability 
that a radioactive atom decays in a time interval dt after surving a time t depends only on 
the magnitude of dt and not on the magnitude of t. Similarly, a photon interacting in a 
material of thickness dx depends only dx but not on xo, the distance photon traveled 
before. Show that these phenomena lead to exponential laws for large time intervals and 
length intervals etc. 
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Physics 371 


Assignment 7 


Due Dec. 01, 05. 


1. We may assume that a white dwarf is made up of degenerate electrons and non-degenerate 
protons. The order of magnitude of the gravitational self-energy is -GM 2 /R, where G is the 
gravitational constant, M and R are the mass and radius of the white dwarf, respectively. 

The mass of the white dwarf is mainly due to protons. 


Show that the order of magnitude of the kinetic energy of the electrons in the ground state (see 
page 70 of the class notes) is 
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where m e and m p are the masses of electron and proton, respectively. 

Show also that if the gravitational and kinetic energies are of the same order of magnitude, 


2. For ultra-relativistic electrons whose rest mass ‘m’ is much smaller than the total energy, we 
might write £~ pc, where ‘p’ is the momentum. If we have a number of electrons confined in a 
cube of volume V =L 3 , where L is the side of the cube, the momentum is 


p = hk- 
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,same as in the case of non-relativistic particles 


Show that the Fermi energy of relativistic electron gas is given by 


= hm 
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where n= N/V is the electron number density (no. of electrons per unit volume). 


Show also that the total energy of the ground state of the gas is 
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